A series of compounds K x Ta y W 1-y O 3 with x = 0.30, 0.00 ≤ y ≤ 0.30 and x = 0.55, 0.00 ≤ y ≤ 0.10 were synthesized by conventional solid-state method. The samples were characterized using XRD and FTIR spectroscopy. X-ray powder patterns reveal that the samples with compositions x = 0.30, y ≤ 0.30 show hexagonal tungsten bronze (HTB) type phase and the samples with x = 0.55, 0.02 ≤ y ≤ 0.10 show a mixture of two phases (K-HTB and tetragonal potassium tungsten bronze, K-TTB). The samples of the system, K 0.30 Ta y W 1-y O 3 with 0.00 ≤ y ≤ 0.15 shows no significant change in the cell parameters. However, for the composition y > 0.15, the cell parameter a decreases and c increases with increasing Ta content, which may be explained by the ordering of Ta for y > 0.15 suggesting the transformation to another space group. The appearance of absorption peak in the infrared absorption spectra of K 0.3 Ta y W 1-y O 3, y > 0.10 samples indicate the transition to non-metallic phase.
Introduction
The tungsten bronzes are well known as non-stoichiometric compounds of general formula A x WO 3 where A is typically an electropositive element such as an alkali, alkaline earth or a rare earth metal and x varies between 0 and 1. All tungsten bronzes structure, A x WO 3, can be described as the host structure of tungsten (VI) oxide, WO 3 , into which A atoms have been introduced interstitially. The structure of these compounds is greatly influenced by the amount of inserted electropositive metal atom, A and the synthesis temperature. There are four types of structurally different tungsten bronzes has been reported so far namely Perovskite Tungsten Bronzes (PTB), Tetragonal Tungsten Bronzes (TTB), Hexagonal Tungsten Bronzes (HTB), and Intergrowth Tungsten Bronzes (ITB) [1] [2] [3] [4] [5] [6] .The structure of hexagonal tungsten bronze can be described as a three dimensional network of corner sharing WO 6 octahedra containing hexagonal and trigonal tunnel along c axis (Fig. 1 ). The metal ions, A, occupy only the hexagonal tunnels. The homogeneity range of HTB for A x WO 3 with A=K, Rb, Cs is found to be 0.19 ≤ x ≤ 0.33 7 . However, this lower stability limit greatly depends on preparation conditions and can be extended up to x = 0.15. The upper stability limit of HTB phase (x = 0.33) corresponds to the sites available for metal ion A within the hexagonal tunnel. Similar to HTB, TTB can be regarded as corner sharing of WO 6 octahedra forming three types of tunnels, namely trigonal, tetragonal and pentagonal. The A ions can be located either in the tetragonal or pentagonal tunnels but most of the metal ions show a preference for the larger size pentavalent tunnels as shown in Fig. 1 . In 1976, Takusagawa and Jacobsson 8 reported that with increasing the alkali metal content the pentagonal tunnels are filled first and then tetragonal tunnels. This may be due to the fact that the pentagonal tunnels have more available space than those of tetragonal tunnels and therefore large cation favors the pentagonal tunnels first.
Tungsten bronzes and substituted tungsten bronzes [9] [10] [11] have been studied extensively because of their interesting physical and chemical properties. Tungsten bronzes, A x WO 3 can also be written as A x W 5+ y W 6+ 1-y O 3 , which indicates the presence of pentavalent tungsten ions in it. Literature survey shows that the pentavalent tungsten ions can be partially (i.e. when x > y) or fully substituted (i.e. when x = y) by other ions [12] [13] [14] [15] [16] [17] [18] . Fully substituted phase analogue to ITB is called bronzoid 19 . Deschanvres et al. 20 studied bronzoid type phase of tantalum substituted series. However, there is no systematic study on Ta substituted K-HTB and K-TTB. This has incited us to do a systematic study on tantalum substituted potassium tungsten bronzes.
Experimental
Powder samples of the system K x Ta y W 1-y O 3 with x = 0.30, 0.0 ≤ y ≤ 0.30 and x = 0.55, 0.0 ≤ y ≤ 0.10 have been prepared from appropriate mixture of K 2 WO 4 , WO 3 , WO 2 and Ta 2 O 5 by conventional solid state synthesis method at 800°C.
Starting materials were high quality reagent grade chemicals WO 2 (99.9 % Pure, Alfa Aesar), WO 3 (Herman Strack), Ta 2 O 5 (Strem Chemical). K 2 WO 4 was prepared by heating equimolar mixtures of K 2 CO 3 (99.95%, Alfa Aesar) and WO 3 (Eqn. 1) in air at 600°C for 4 days. The purity of all reactants was checked by taking X-ray powder patterns. The reactants mixtures with appropriate molar ratio (Eqn. 2) were mechanically mixed in an agate mortar which were then put in a silica glass tube and then evacuated (10 -2 torr) and sealed. The sealed tubes were heated in a muffle furnace at 800°C for 7 days. The products were characterized by XRD using Guinier-Hägg focusing camera with Cu Kα 1 radiation (λ= 1.540598Å) and silicon, Si (a = 5.43088 Å) was added as an internal standard. The X-ray films were evaluated with a computerized film scanner (Line scanner LS 20) and the unit cell parameters were refined by using the programs SCANPI 21 and PIRUM 22 . Besides, the XRD patterns of selected samples of HTB series were collected using CuKα radiation in a Phillips PV-1800 diffractometer to verify the results obtained from X-ray film method. The hkl fit was done using Rietveld program, TOPAS. 
Results and Discussion
HTB system X-ray powder patterns of K 0.30 Ta y W 1-y O 3 samples are shown in Fig. 2 . All diffraction peaks could be indexed as HTB type phase. A careful observation of the X-ray powder patterns reveal that the number of lines in the system K 0.30 Ta y W 1-y O 3 decreases systematically (inset of Fig. 2) with the increasing nominal tantalum content. This systemic disappearance of weak lines may be due to different scattering factor of tantalum ions as well as due to the statistical distribution of the Ta 5+. ions for high Ta content samples. The statistical distribution reveals the possibility of being a different space group, which, however, was not considered in the present study. In this study, space group Pbam was used for the hkl fit ( Fig. 3 ). The cell parameters of the system, K 0.30 Ta y W 1-y O 3 (Table 1) show the cell parameters of y = 0.0 sample prepared in this study agrees well with the previously reported values 12 . Additionally, the cell parameters are plotted as a function of nominal Ta content (Fig. 4) , showing both of the cell parameters, a and c do not change significantly upto y = 0.15. Hussain et al. 12 , however, reported that in the Nb substituted HTB type K 0.30 Nb y W 1-y O 3 system both of the cell constants a and c decreases with increasing Nb content, which may be comparable with cubic Li x WO 3 system where cell parameters decrease due to the tilting of WO 6 octahedra. In the present case, the cell parameters remain constant up to y = 0.15, which may implies less effect on the tilting of the WO 6 octahedra on Ta doping. On the other hand the cell parameter a rapidly decreases while c increases for y > 0.15, which may be explained by the ordering of Ta for y > 0.15 suggesting the transformation to another space group.
The IR absorption spectra of the system, K 0.30 Ta y W 1-y O 3 are shown in the Fig. 5 . The spectrum of tantalum free HTB phase has weak broad phonon absorption band below 1000 cm -1 which is related to air oxidation of surface of the sample. The effect of IR active phonon absorption becomes usually further small in metallic conducting system with effective free carrier plasma frequencies above the phonon absorption frequency. The absorption feature as a function of y shows a significant increase of its intensity for y ≥ 0.10. Therefore, the increased phonon absorption intensity for y ≥ 0.10 indicates a significant decrease in the free carrier contribution and results nonmetallic nature of the compounds. The spectra observed for the sample K 0.30 Ta y W 1-y O 3 are in good agreement with powder related spectra reported by Dey et al. 15 recently.
TTB system
X-ray powder patterns of K 0.55 Ta y W 1-y O 3 are shown in Fig. 6 . The sample of K 0.55 Ta y W 1-y O 3 with x = 0.55, 0.02 ≤ y ≤ 0.10, shows TTB phase along with an additional phase, which could be indexed as HTB phase. It is important to note that the appearance of HTB phase increases with the nominal composition of Ta. Some weak reflections were also observed specifically for the case of K 0.55 Ta y W 1-y O 3 with y = 0.10, which could not be indexed.
The cell parameters for pure TTB phase with x = 0.55 differ slightly from the reported data 7 . This little deviation of cell parameters may be due to the difference of nominal and actual composition. This presumption has been confirmed when the corresponding composition for observed cell dimensions was determined from the reported 23 cell parameter-composition plot. It is found that the experimentally observed cell parameter corresponds to x ≈ 0.42 rather than x = 0.55. 
Conclusion
Hexagonal and tetragonal potassium tungsten bronzes, K x WO 3, and their tantalum- However, for the nominal composition y > 0.15, the cell parameter a decreases and c increases with increasing Ta content, which may be explained by the ordering of Ta for y > 0.15 suggesting the transformation to another space group. The appearance of absorption peak in the infrared absorption spectra of K 0.3 Ta y W 1-y O 3, y > 0.10 samples indicate the transition to non-metallic. In the system, K 0.55 Ta y W 1-y O 3 with 0.02 ≤ y ≤ 0.10, a mixture of tantalum substituted K-HTB and K-TTB phases formed.
